The recent observation by Schally & co-authors (1971) that the release of both LH and FSH is dependent upon the one`r eleasing' hormone (LH-RH) has made the study of the hypothalamus\p=m-\pituitary\p=m-\testis axis much more complex. Furthermore, the normal maintenance of both spermatogenesis and testosterone secretion depends upon LH and FSH acting synergistically. It may, therefore, be surmised that there is no absolute specificity of gonadal steroids or other substances in the regulation of secretion of gonadotrophins.
pathological conditions. When the Leydig cells are normal but the germinal epithelium has been damaged or destroyed, as after irradiation, certain viral infections, the administration of anti-fertility agents or in idiopathic infertility, the LH levels stay within the normal range whilst those for FSH are elevated (Franchimont, 1966 (Franchimont, , 1971 (Franchimont, , 1972 Paulsen et al., 1968; Rosen & Weintraub, 1971; de Kretser et al., 1972; Leonard et al., 1972; van Thiel et al., 1972) .
It is intended in this paper to examine the basal secretion of the gonado¬ trophins (mainly LH and to a lesser extent FSH) and the response in males to administration of steroids and LH-RH, and also the relationship between spermatogenesis and gonadotrophins.
EFFECT OF ANDROGENS ON GONADOTROPHINS
It is well accepted that the administration of testosterone to males is followed by a decrease in plasma LH levels. The effects on FSH, however, are controversial ( Table 1 ). The reasons for the conflicting results obtained using virtually the same amounts of testosterone propionate (TP) are obscure. They may reflect the differences in the number of subjects studied, the route of administration, the action of sex hormone-binding protein and/or the particular radioimmuno¬ assay used for FSH determination.
In general, TP administered in small doses preferentially suppresses serum LH as compared to serum FSH (Dufy-Barbe & Franchimont, 1972; Swerdloff et al., 1972; Demoulin et al., 1973; Stewart-Bentley et al., 1974) . For example, when five normal men were treated intramuscularly with 50 mg TP daily for 5 days, plasma LH levels were lowered but FSH was not affected. The release of FSH and LH is unaffected by the administration of TP if 25 µg LH-RH are given intravenously before treatment (see ). These results are in agreement with those of von zur Mühlen & Kobberling (1973) who have shown that four intramuscular injections of 100 mg TP for 1 week significantly decreas- Testosterone diminishes the normal LH levels and, at certain doses, the normal FSH levels, but it does not modify the response to LH-RH. The de¬ crease of normal gonadotrophin levels is not related to a diminished pituitary gonadotrophin responsiveness to LH-RH or to a decreased gonadotrophin storage, but rather to an inability to release the hormones due to in¬ sufficient endogenous LH-RH stimulation. The evidence suggests, therefore, that testosterone acts essentially at the level of the hypothalamus. Kamberi & McCann (1972) and Steinberger & Chowdhury (1974) have shown in rats that testosterone regulates primarily the release of FSH rather than its synthesis. This action of testosterone may be due to the steroid itself or to one of its metabolites, such as 5a-dihydrotestosterone (DHT). The role of this potent androgen in a feed-back mechanism has been investigated. The results obtained from studies in man are controversial. The constant infusion of a low dose of DHT (7 mg/day/1-7 m2) significantly suppressed LH after 48 hr but did not affect FSH (Stewart-Bentley et al., 1974) . On the other hand, the constant infusion of 7-5 mg DHT/day for 96 hr was without effect on either FSH or LH concentrations (Sherins & Loriaux, 1973) . In rats, when the total amount of DHT administered is lowered to 280 µg for 2 days (Dufy-Barbe & Franchi¬ mont, 1972; Demoulin et al., 1973) or to 500^g over 5 days (Swerdloff íí al., 1972) , the LH levels are reduced but FSH remains unaltered. Higher doses brought about a reduction in the levels of both FSH and LH. The inhibitory effect of 5oc-androstane-3a,17/?-diol on LH levels in castrated rats is considerably greater than that of testosterone and slightly more so than that of DHT. At doses lower than 560^g for 2 days androstanediol induces no modification of FSH levels (Demoulin et al., 1973) .
The 5a-reduction of testosterone is irreversible, so that any action DHT and 5a-androstane-3a,17/?-diol have on the hypophysis and hypothalamus must be due to that configuration. Furthermore, their A rings are saturated and cannot be aromatized into oestrogens. As testosterone could be converted into oestrogens (MacDonald et al., 1967; Baird et al., 1968; Loncope et al., 1969) and as the testis is also capable of producing oestrogens (Kelch et al., 1972) , it was ob¬ viously of interest to study the effect of oestrogens on LH and FSH levels.
effects of oestrogens on gonadotrophins
The effects of oestrogens on gonadotrophin levels in men are not consistent. The administration of oestrogens at a dose rate corresponding to the mean daily production rate (30 to 40 µg) produced a decrease of FSH levels without altering LH levels (Kulin & Reiter, 1973; Legros et al., 1974) , whereas Stewart-Bentley et al. (1974) observed a decrease in LH levels without modification of FSH using a constant infusion of oestradiol-17/? (40 µg/day/l·7 m2) for 2 days (Table 1) .
Larger doses of oestrogens lead to a rapid and marked decrease in the levels of both gonadotrophins (Peterson et al., 1968; Swerdloff & Odell, 1968; Burger et al., 1972) . In a recent experiment, seven young men were studied be-fore and after a 4-day course of ethinyloestradiol at a dose rate of 40^g /day. Blood samples were taken every 10 min for 5 hr and the gonadotrophin response to 25 µg LH-RH was determined the day before and on the last day of treat¬ ment. The mean FSH levels observed over 5 hr were significantly decreased by the treatment (see Text-figs 2 and 3). The mean LH level after treatment was not statistically different from that found before the oestrogen was ad¬ ministered, although its pulsatile secretion, pulse amplitude and frequency were reduced so that less variation occurred during the sampling period (Text- fig. 2 ). The FSH and LH response to 25^g LH-RH given intravenously is signifi¬ cantly decreased after 4 days of treatment with 40^g ethinyloestradiol/day. This consistent inhibitory effect on the response to a submaximal dose of LH-RH is in agreement with the results from intact adult male rats reported by Debeljuk et al. (1972) . Similarly, Besser & Mortimer (1974) have shown that oestrogen administration to normal men markedly reduced the LH and FSH response to a continuous infusion of LH-RH.
In brief, oestrogens suppress FSH levels below normal and at certain doses also reduce LH levels. Furthermore, they reduce the FSH and LH response to LH-RH. Oestrogens thus seem to act directly at the level of the pituitary on the synthesis and/or storage of the gonadotrophins.
In our hands, there appears to be a major difference in the action of pharma¬ cological doses of TP and physiological doses of ethinyloestradiol. The former acts at the hypothalamic level without modifying the response to exogenous LH-RH, whilst the latter acts on the pituitary decreasing the FSH and LH quantities releasable by LH-RH. Santen (1974) has shown that oestradiol and testosterone have dissimilar effects on the episodic release of LH suggesting different mechanisms of action. Thus, oestradiol and testosterone produced similar suppressions of mean LH levels during the infusion period (approximately 20%) and during the 6 hr following infusion (approximately 21%), but exerted an opposite effect on pulsatile LH secretion. During testosterone administration, the pulse frequency was significantly reduced although the amplitude was higher than during the control period. During oestradiol infusion, the pulse amplitude was lower than observed during the control period and the frequency was slightly reduced. 
EFFECT OF CYPROTERONE ACETATE ON GONADOTROPHINS
The intramuscular injection of 100 and 300 µg cyproterone acetate (a potent antiandrogen) decreased the basal FSH and LH levels (Franchimont, 1971) . We have repeated these experiments, but with intravenous administration of 25 µg LH-RH the day before and 4 days after the intramuscular injection of 100 mg cyproterone acetate to five normal men. The LH response to LH-RH was higher 4 days after administration of the drug than before, whilst FSH release did not change (Text- fig. 4 ). When higher doses ( 100 mg and 300 mg) of cyproterone acetate were given orally for longer periods (12 days), the normal levels of FSH and LH diminished and so did their response to LH-RH. This difference in response to LH-RH could be interpreted as a result of prolonged deficiency of endogenous LH-RH which is involved in the synthesis of gonadotrophins (Redding et al., 1972) . It might also be explained by a direct action of this larger dose on the pituitary synthesis and/or storage of gonado¬ trophins. The single dose of cyproterone acetate, like testosterone, acts at the hypothalamic level and inhibits the release of endogenous LH-RH without affecting synthesis and/or storage of the pituitary gonadotrophins.
EFFECT OF CLOMIPHENE CITRATE ON GONADOTROPHINS
It is well established (see review by Franchimont, 1971 ) that the administration of 200 mg clomiphene citrate daily for 5 days causes a significant increase in the levels of FSH and LH. If LH-RH is given intravenously after clomiphene treatment, the increase in FSH and LH levels is even more pronounced than without pretreatment (Text- fig. 5 ). Kastin et al. (1970) have previously shown that LH-RH induces the release of LH and FSH in clomiphene-treated sub¬ jects, but they did not, however, investigate any altered responsiveness of the pituitary to the treatment.
On the basis of other reports (Bardin et al., 1967; Baier & Taubert, 1969; Marshall et al., 1972) and our own results, clomiphene citrate may be considered to act at the hypothalamic level, increasing the endogenous LH-RH and con¬ sequently the synthesis and storage of pituitary gonadotrophins. 
RELATIONSHIP BETWEEN FSH LEVELS AND SPERMATOGENESIS
A study of idiopathic infertility was and still is an informative means of a better understanding of the relationship between spermatogenesis and FSH secretion. There are three different views regarding this relationship.
(1) There is a specific stage (s) in the process of spermatogenesis involved in testicular feedback on FSH secretion; at the stage of spermatid formation (Franchimont, 1972) or at the point of maturation of the spermatozoa (Johnsen, 1970) . (2) There is no correlation between FSH levels and any specific cell stage and the germinal cells do not play any role, direct or indirect, in the feedback regulation of FSH secretion de Kretser et al., 1974) . (3) There is no feedback signal at any specific stage of spermatogenesis but an inverse correla¬ tion exists between FSH levels and the severity of the reduction of germinal cells from spermatogonia to late spermatids .
We have analysed the correlations between FSH and LH levels, FSH and LH response to LH-RH injection, sperm count, stage of spermatogenesis and prolactin levels.
Correlation between sperm count and FSH and LH levels
In cases of azoospermia due to abnormal spermatogenesis, FSH levels are often greater than normal, indicating that the primary lesion is at the germinal epithelium and that the pituitary responds to this deficiency by increasing its FSH secretion. Although LH and testosterone levels are often normal there is a significant incidence of abnormality even in patients thought to have only isolated defects in spermatogenesis . In eighty-five cases of oligospermia there was no correlation between serum FSH and LH levels and sperm count. This result confirmed those previously reported Franchimont, 1972; Paulsen et al., 1972) . Nevertheless, an absence of correlation has not been a universal finding. Rosen & Weintraub (1971) found an inverse correlation between sperm count and serum FSH concentration in oligospermic subjects. Mauss & Borsch (1973) also showed an inverse relationship between the logarithm of the sperm count and the urinary excretion of FSH.
Correlation between basal FSH levels and stage of spermatogenesis
In eighty-five cases of oligospermia and azoospermia, we have found a direct correlation (r = 0-79; Text- fig. 6 ) between the basal FSH levels and the stage of spermatogenesis as defined earlier (Franchimont, 1972) .
It must be pointed out that FSH levels are always abnormally high during stage 0 to 4 when spermatids have not yet been formed. But the highest levels of FSH are found when spermatogenesis has been arrested in the earlier stages or is completely absent.
Correlation between basal FSH levels and response to LH-RH
An intravenous injection of 25^g LH-RH was given to each of twenty-eight subjects and the response was evaluated by the maximum FSH levels attained during the following 2 hr or by the cumulative response, as described earlier.
A close correlation was found between the two parameters and the basal levels of FSH. Thus all the patients with high basal FSH levels showed higher respon¬ ses to LH-RH than did normal subjects. Similarly, patients with normal FSH levels displayed a normal response to LH-RH, except for two subjects in whom the response was abnormally high, although examination of biopsy material showed that these patients were at stages 5 and 6. This discrepancy could be due to the spontaneous fluctuations of FSH observed in gonadal diseases (Root etal., 1972) .
Stage of spermatogenesis
Text- fig. 6 . Correlation between the stage of spermatogenesis and basal FSH levels (r = 0-79; P<0-0005). The stages of spermatogenesis have been described previously : stage 0 = all the seminiferous tubules are hyalinized; stage 1 = Sertoli cells are the only constituents of the seminiferous tubules; stage 2 = some spermatogonia are present in addition to Sertoli cells ; stage 3 = Sertoli cells, spermato¬ gonia and a few scattered primary spermatocytes are seen ; stage 4 = this stage corresponds to spermatogenic arrest. Great numbers of primary spermatocytes are seen forming a continuous layer around the tubular lumen ; stage 5 = some spermatids are now present but spermatozoa are entirely absent ; stage 6 = maturation is complete with a normal num¬ ber of spermatids and a few spermatozoa ; stage 7 = all stages are represented in suitable proportions but the number of germ cells is low : the seminiferous epithelium consists of only three or four cell layers; stage 8 = spermatogenesis is complete.
Correlation between LH and spermatogenesis
A correlation between basal LH levels and the LH response to 25 µg LH-RH was found in the twenty-eight cases studied. As previously described , there is no evident relationship between LH levels and LH response to LH-RH, on the one hand, and the stage of spermatogenesis on the other.
Correlation between prolactin and spermatogenesis
Fifteen subjects were injected with 200^g TRH and prolactin was assayed in the sera collected 20 and 60 min later. In all cases, prolactin reached its maximum level in the range of +2 standard deviations compared with the mean of the normal maximum response: 43-4 ng+10-1 ( + S.D.). From these observations, we have concluded that the basal level of the gonadotrophins is an index of pituitary reserve releasable by a constant amount of exogenous LH-RH.
By examination of the basal FSH levels and the FSH response to LH-RH, azoospermic and oligospermic patients may be divided into two groups, those with normal FSH levels and a normal response to LH-RH and those with high FSH levels and an exaggerated response to LH-RH. All the patients in which spermatogenesis had not proceeded to the stage of spermatid formation fell into this last category. This confirms our earlier observations that there is an inverse correlation between basal FSH levels and FSH response to LH-RH on the one hand and the stage of spermatogenesis on the other. Thus the poorer the basal germinal cell population, the higher are the levels of FSH and the response to LH-RH.
To interpret the consistently high FSH levels and the response to LH-RH when spermatids are absent, one may postulate that the maturation of spermatids induces or permits the formation of a factor controlling FSH secretion. Alterna¬ tively, spermatids could have no specific function with regard to FSH regulation and reflect only a severe depression of the basal germinal cell population result¬ ing in increased FSH levels.
There is no correlation between basal LH levels and LH response to LH-RH on the one hand and the defect in spermatogenesis judged by sperm count and analysis of testicular biopsy on the other. The prolactin release induced by LH-RH was normal in the azoospermic and oligospermic cases studied.
ß '
There is substantial evidence for the presence of a substance produced by the testis that selectively inhibits the secretion of FSH. This substance was first suspected by McCullagh in 1932. More recently, Setchell & Sirinathsinghji (1972) have reported on the antigonadotrophic activity of a thermolabile substance from the testis fluid of the ram. In the same year, we showed that the injection of human seminal plasma decreased FSH levels in castrated male rats (Franchimont, 1972) . Lee et al. (1974) have shown a selective suppression of plasma FSH levels by essentially testosterone-free extracts of bovine testes. Hodgen et al. (1974) , however, have reported a decrease in LH levels, without modification in plasma FSH concentration, in castrated rats injected with adult testis homogenate. The observed effect was not due to testosterone in the homogenate and was not produced by the epididymis.
We have extended our own investigations on the existence, nature and speci¬ ficity of inhibitory action of this possible 'inhibin' in the seminal plasma of bull and man.
Extraction of semen
Bull or human semen was centrifuged for 15 min at 2200 g to separate the spermatozoa from the seminal plasma. Protein was precipitated by the addition of absolute ethanol to a concentration of 86%. The precipitate was recovered by centrifugation at 4°C, dissolved in distilled water and freeze-dried. This fraction is referred to as 'crude material'. The supernatant containing steroids was first extracted with 2 vols chloroform : ether (1:1, v/v), and then with 2 vols diethylether. The ether-soluble fraction was recovered and used for steroid analysis ; no inhibition of either FSH or LH levels was found when castrated male rats were treated with this fraction.
The crude material (300 mg) was subjected to gel filtration at 4°C on Sepha¬ dex G 100 (90x2-5 cm) using either 0 5 M-sodium acetate buffer, pH 4, or 0-05 M-phosphate buffer, pH 7-4. Fractions of 2-5 ml were collected.
The protein content of the samples was estimated spectrophotometrically by absorption at 280 nm and by the biuret method as described by Gornall etal. (1949) .
When 'crude material' from bull seminal plasma is applied to a Sephadex G 100 column at an alkaline pH, the elution profile shows two peaks-the first, an unretarded distinct peak (P I) and the second, a less-well defined peak (P II). At acidic pH, there is a distinct separation of the two peaks (Ac I and Ac II) ; Ac I is eluted in the void volume, whereas Ac II is eluted in the second void volume (Text- fig. 7 ). Evaluation of biological activity The ability of the different fractions to inhibit circulating levels of FSH and LH was determined in castrated adult male rats weighing between 180 and 200 g. Fourteen days after castration, animals were injected intraperitoneally with buffered saline (control) or with the samples. The total dose was admini¬ stered in four injections at 12 hr intervals. The animals were bled and the FSH and LH concentrations determined 4 hr after the last injection. In five experi¬ ments performed with five different batches of bull seminal plasma, 500 µg Ac I produced slight but non-significant decreases in FSH and LH basal levels. Fraction AC II, however, at a dose of 200 µg/rat, induced a significant decrease in FSH levels ; the reduction in LH levels was inconsistent and never significant (Text- fig. 8 ).
To ascertain the polypeptide nature of the substance isolated by gel filtration at pH 7-5, it was subjected to pepsin digestion in glycine-HCl buffer (pH 2) (50:1, v/v) at 37°C for 18 hr and administered to rats as above. The pepsin digestion destroyed the inhibitory ability of II (Table 2) .
The content of steroids, testosterone, progesterone and oestradiol-17ß in the material collected in the second peak (AC II or II) was investigated by radioimmunoassay. None was found. Action of AC II on pituitary response to LH-RH Fourteen days after castration, animals were treated with 200 µg AC II in¬ jected intraperitoneally as described earlier. One hour after the last injection, 5 or 7-5 µg LH-RH dissolved in 0-5 ml of 0-9% NaCl were administered through the tail vein, and the animals were killed 30 min later. Normal male rats were also treated in a similar manner.
In normal and castrated rats, 200 µg AC II from bull seminal plasma decreas¬ ed the FSH basal levels but did not alter LH levels. When LH-RH was injected, FSH and LH levels significantly increased. The pretreatment of rats with AC II diminished the response of FSH to LH-RH without affecting the LH re¬ sponse (Text-figs 9a and 9b).
In a different experiment, AC II was injected intravenously 1 hr before the administration of LH-RH. The animals were killed 30 min later and again, a significant decrease in basal FSH levels was observed. The AC II fractions from bull as well as human seminal plasma, at dose levels of 200 µg and 1000 µg, respectively, were capable of diminishing the increase in FSH and LH levels induced by LH-RH (Text- fig. 10 ).
From the above observations, we may draw the following conclusions. In human and bull seminal plasma there is a substance (s) which selectively decreases basal FSH levels. This substance appears to be protein in nature. Injectedintraperitoneally, this substance decreases the FSH response to LH-RH, whilst injected intravenously, it produces a decrease in the response of both FSH and LH to LH-RH. Why the route of administration changes the nature of response is not yet clear.
